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ABSTRACT 
 
The study was aimed to determine the level of arsenic (As) and copper (Cu) in organs of mud crabs (gills 
and tissues), Scylla serrata and in river water at Sungai Balok, Pahang. The mud crabs (n=8) and water samples 
were collected from five sampling stations in Sungai Balok. The study also determined the water quality 
parameters and Water Quality Index (WQI) of Sungai Balok. The mud crabs’ tissues and gills were digested 
by using acid digestion method based on the Association of Official Analytical Chemists (AOAC). The 
concentration of heavy metals in mud crabs’ tissues and gills as well as the river water samples were analysed 
by using Inductive Coupled Plasma Micro Spectrometer (ICP-MS). The present result showed The highest 
content level of As and Cu in mud crabs’ tissue and gills was during dry seasons (March 2019) 3.03 ± 0.64 
& 0.38 ± 0.16 ppm and 7.57 ± 0.72 & 6.98 ± 0.53 ppm. The level of As and Cu showed that there were 
significantly different (p<0.05) in mud crabs’ tissue and gills. Content level of both As and Cu in the water 
was 0.02 ± 0.01 ppm. The As and Cu levels in mud crabs were higher than the permissible limits from World 
Health Organisation (2012), Federation of European Producers of Abrasives(FEPA) and Joint FAO/WHO 
Expert Committee on Food Additives (JECFA). The As and Cu levels in Sungai Balok water were lower 
than the permissible limit from World Health Organisation (WHO) and Federation of European Producers 
of Abrasives. The WQI for Sungai Balok water was classified in Class III according to National Water 
Quality Standards for Malaysia (NWQS), which means the water was slightly polluted. 
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INTRODUCTION 
 
There are many aquatic species can retain contaminants in the water because of their physiology function that 
they will filter the water where they live. Therefore, the consumer needs to know the safety of the freshwater 
shellfishes either it is safe or not to be consumed. The trace metals input into the aquatic food chain may occur 
by the contaminated ecosystem consumption (Ionescu et al., 2016). 
 
Metals like As and Cu are essential for the metabolic processes in small amount and were ingested by organisms 
over time (Silene & Sandra, 2009). However, these heavy metals could become toxic to living organisms if the 
concentration levels are very much higher than the permissible level. When heavy metals present in high 
concentrations for a very long period, they will act as a toxic agent to aquatic freshwater organisms. In general, 
these metals will stay permanently and do not degrade from the environment (Jaishankar et al., 2014). 
 
The long-term consumption of crustaceans from the polluted waters may cause bioaccumulation of persistent 
pollutants in ultimate recipient perhaps human of the food web. In crustaceans, heavy metals are taken up 
through different organs because of the affinity of such organs for the heavy metals accumulation (Alhemmali, 
2018). In this process, heavy metals are concentrated at different levels in different parts of organs in the body 
(Perera et al., 2015; Alhemmali, 2018). 
 
Modern urbanization and industrialization in Malaysia is one of the possible factor to harmful heavy metals 
pollution level (Liu et al., 2011). The spillage of oil from boats, steel industry and pipe coating are the examples 
of industrial activities which lead to heavy metal pollution (Abdullah et al., 2015). In addition, the geographical 
location of Sungai Balok which is 5.68 km far from Kuantan Port and about 10 km from Gebeng Industrial 
Estate based, increasing the possibilities of water pollution in Sungai Balok area due to the continuous 
accumulation and increase of the metal particles in the various environmental system (Sharif et al., 2016). The 
heavy metals such as As, Cd, Ni, Pb and Al contain in the contaminated river water of Sungai Balok are 
neurotoxin or carcinogenic toxicologically (Hussain et al., 2016). Heavy metal toxicity has proven to be a major 
threat and there are several health risks associated with it as they are hazardous to human health even in very 
low concentrations due to its high in toxicity and non-degradable properties (Jaishankar et. al., 2014; Abdullah 
et al., 2015). This study was focused on concentration analysis of heavy metals, namely arsenic (As) and copper 
(Cu) in tissues and gills of Scylla serrata and water samples collected from Sungai Balok, Pahang. 
 
 
MATERIALS AND METHODS 
 
Sample collection 
 
The sampling area of study area was located in Sungai Balok, Pahang. Physical water qualities in five different 
sampling points were measured in situ using multi sensor probe YSI model 449D (Table 1). Mud crab samples 
were collected from the river by using the gill nets. Each net was inspected from morning to evening. The 
specimens were kept in an ice box, before transported to the laboratory for the analysis. Water samples from 
the sites were collected in polyethylene bottle and stored in icebox for further laboratory analysis. 
 
The mud crabs samples were thawed at room temperature. Prior to dissection, the samples were cleaned several 
times with ultrapure water to remove debris and the muscle and gills tissues had been removed by using high 
quality surgical stainless steel and knife. Tissues were then separated by using scissor. Then, the samples were 
dried overnight (100°C) until samples reached constant weight. On the next day, the samples dried weighted 
prior to analysis (Kamaruzzaman et al., 2011). 
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Table 1: Sampling points in Sungai Balok. 
 
 Locations 
S1 3°51'27.0"N 103°12'27.0"E 
S2 3°51'53.9"N 103°13'30.5"E 
S3 3°50'26.5"N 103°15'29.5"E 
S4 3°77'72.7"N 103°18'67.1"E 
S5 3°56'42.2"N 103°22'15.1"E 
 
Metal Analysis 
 
The samples (dry weight) of tissues and gills were digested for 2 hours and then 10ml concentrated HNO3 10 
mL of 69% nitric acid were added, and were left overnight. On the next day, samples were digested at 100°C 
for 2 hours. After the sample cooled, 2 ml of 30% hydrogen peroxide (H2O2) was added and the samples were 
digested again for 1 hour until a clear solution was formed. Then, the digestion tubes were allowed to cool 
before the solutions were filtered through filter paper into a 25 mL volumetric flask. Deionized water was top-
up into the volumetric flask until the volume reached 25 ml. The concentration of Cu and As were determined 
using Inductively Couple Plasma – Mass Spectrometry (ICP-MS). Then, metals concentration in mud crabs’ 
tissues and gills were calculated by using the following formula: Finally, the samples were analysed for Al and 
Cu concentration by using Inductively Coupled Plasma Mass Spectrometry (ICP-MS) (APHA, 2005; 
Kamaruzzaman et al., 2011). 
 
Water Quality Analysis 
 
There are seven in-situ parameters and three ex-situ parameters that have been chosen for this study. In-situ 
parameter includes pH, BOD, DO, TDS salinity, ammonia-nitrogen and temperature. Only six parameters were 
used to calculate Water Quality Index by using formula below (APHA, 2005; Batabyal et al., 2015): 
 
WQI= 022 SI DO + 0.19 SI BOD + 0.16 SI COD + 0.16 SI SS +0.15 SI AN + 0.12 SI pH   Eqn. 1 
 
For the laboratory testing, three parameters that have been chosen for the study are turbidity, TSS, and COD. 
The measurement of turbidity was determined by Turbid meter (HACH 21000 Q). The measurement of TSS 
were determined by using Multipara Meter Handheld Colorimeter (HACH DR900). For COD, there are 2 
apparatus used. First, the 2ml sample were added into vial contain COD digestion reagent by using clean 
volumetric pipette. Then, DRB 200 Digital Reactor Block was used for digestion procedure for two hours. 
Second, Multipara meter Handheld Colorimeter (HACH DR900) was used for colorimetric determinations. 
 
Metal Calculation 
 
The concentration of gills and tissues mud crabs were calculated by using the formula below (APHA, 2005): 
 
C=A × B/M       Eqn. 2 
C= Concentration of test samples (mg/kg)  
A= Reading from ICP (mg/kg)  
B= Volume of final solution (L)  
M= Weight of sample (kg) 
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Statistical Analysis 
 
One-way analysis of variance (ANOVA) was used to indicate the significant differences of metal levels in 
crustaceans among different sites. All data for the homogeneity of variances and normality; the data which are 
not normally distributed or not homogeneous were transformed. All statistical calculations were carried out by 
using Microsoft Excel 2016. 
 
 
RESULTS AND DISCUSSION 
 
Heavy metals concentrations in mud crabs. 
 
A total of 10 mud crabs samples and water samples were collected at river bank of Sungai Balok. The 
concentration of metal As and Cu in the mud crabs were summarized in Table 2. The present results showed, 
the content of As and Cu in the mud crabs gills and tissues were slightly different. 
 
Based on Table 2, the level of As in the mud crabs’ tissue and gills during wet season (January 2019) were 
recorded (1.02 ± 0.43 & 0.27 ± 0.10) ppm. Meanwhile, the level of As in the mud crabs’ tissue and gills detected 
in dry season (March 2019) were (3.03 ± 0.64 & 0.38 ± 0.16) ppm respectively. From this results, it showed that 
the highest level of As was during dry seasons in March 2019 for both mud crabs’ tissue and gills. 
 
Table 2: Comparison mean concentrations of heavy metals (ppm ± SD) in mud crabs in Sungai Balok with several 
organizations. 
  
As Cu 
Present study 
Mud Crab Tissue (Jan-19) 1.02 ± 0.43 ppm 2.82 ± 0.50 ppm 
Mud Crab Gills (Jan-19) 0.27 ± 0.10 ppm 3.28 ± 0.70 ppm 
Mud Crab Tissue (Mac-19) 3.03 ± 0.64 ppm 7.57 ± 0.72 ppm 
Mud Crab Gills (Mac-19) 0.38 ± 0.16 ppm 6.98 ± 0.53 ppm 
Previous study 
Kamaruzzaman (2012) - 0.50 ppm 
Sharif et al. (2016) 0.01893 ppm - 
Chuan et al.,(2017) - 65.8 ppm 
Permissible limit in crustaceans based on several organization 
WHO (2012) 3.00 ppm 0.01 ppm 
FEPA (2001) 1.00-3.00 ppm 0.05 ppm 
JEFCA (2002) - 0.02 ppm 
 
The level of Cu in the mud crabs’ tissue and gills detected in January 2019 were (2.82 ± 0.50 & 3.28 ± 0.70) 
ppm and were (7.57 ± 0.72 & 6.98 ± 0.53) ppm respectively in March 2019 . The highest level of Cu for both 
gills and tissues of mud crabs were in March 2019 compared to January 2019. The level of As and Cu showed 
that there were significantly different (p<0.05) in mud crabs’ tissue and gills. The level of Cu was higher in 
mudcrabs organs compared to As content level. Kanakaraju et al. (2008) stated that high concentration of Cu 
might be due to it act as essential metal in maintaining the proper physiological functions of species as it plays 
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an important role as an essential element in all living systems from invertebrates to human, hence they tend to 
accumulate high concentration of Cu from the surrounding environment.  
 
In addition, the higher concentration of As and Cu collected from Balok River in the present study might be 
due to various anthropogenic sources and industrial effluent surrounding the river (Abdullah et al., 2015; Yaakub 
et al., 2017). The level of both As and Cu in mud crabs were higher compared to the previous study by 
Kamaruzzaman (2011) and Sharif et al (2016), however lower than reported by Chuan et al., (2017) for Cu level 
in mud crabs. On the other hand, it was noticed that the content level of As in gills and tissues were lower than 
permissible limit stated by WHO (2012), FEPA (2001) but Cu level in mud crabs gills and tissues were higher 
than the standard limits . This showed that the mud crabs are not safe to be frequently consumed by human. 
The results obtained in present study showed high concentration of Cu in the Scylla serrata and this indicated 
that crustacean species are tendency of organisms in accumulating higher concentration of heavy metals 
(Kanakaraju et al., 2008; Yaakub et al., 2017; Halim et al., 2018). 
 
Heavy metal in water samples 
 
The level of As and Cu detected in river water sample from Sungai Balok were (0.02 ± 0.01) ppm and (0.02 ± 
0.01) ppm. The level of As and Cu show there were not significantly different (p>0.05) for Sungai Balok water. 
 
Table 3: Mean concentrations of heavy metals (ppm ± SD) in water of Sungai Balok. 
 
 As Cu 
Present study 
Sungai Balok (2019) 0.02 ± 0.01ppm 0.02 ± 0.01 ppm 
Previous study 
Kamaruzzaman (2011) - 0.50 ppm 
Ab Wahab et al. (2016) 0.02 ppm - 
Abdullah et al. (2015) - 24.20 ppm 
Redzwan et al. (2014) - 0.18 ppm 
Permissible limit in crustaceans based on several organization 
WHO (2012) 3.00 ppm 0.01 ppm 
FEPA (2001) 1.00-3.00 ppm 0.05 ppm 
 
The mean content and standard deviation of As and Cu in the Sungai Balok water were compared and shown 
in Table 3. Table 3 showed the comparison mean concentrations of heavy metals (ppm± SD) in Sungai Balok 
water with previous study. The level of As and Cu for Sungai Balok water (0.02 ± 0.01) ppm were lower than 
the previous studies by Kamaruzzaman (2012), Redzwan et al. (2014) and Abdullah et al. (2015). The 
comparison of mean concentrations of heavy metals (mg/kg± SD) in Sungai Balok water with the organisations 
standard such as WHO (2012) and FEPA (2001) showed that the level of As and Cu were still under the 
permissible limit set by WHO (2012) and FEPA (2001) in Sungai Balok water. 
 
Water Quality Index  
 
Based on the calculation, the WQI of Sungai Balok water was classified as Class III according to National Water 
Quality Standard for Malaysia (NWQS) which indicates the water body of Sungai Balok requires extensive water 
treatment for water supply purpose. 
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CONCLUSION 
 
In this study, As and Cu in mudcrabs in Balok river were determined. The concentration of As and Cu in mud 
crabs are varies by the environmental factors, physiological characteristics and species of the organisms. The 
level of both As and Cu in mud crabs exceed the permissible limit set by WHO (2012), FEPA (2001) and JEFCA 
(2002) which are not safe to be frequently consumed. The level of As and Cu show that there are significantly 
different (p<0.05) in mud crabs’ tissue and gills. Content level of both As and Cu in the water is (0.02 ± 0.01) 
ppm). The level of As and Cu were still under the permissible limit set by WHO and FEPA in Sungai Balok 
water. The level of As and Cu show there were not significantly different (p>0.05) for Sungai Balok water. 
Based on the calculation, the WQI of Sungai Balok water was classified as Class III which recorded 62 according 
to National Water Quality Standard for Malaysia (NWQS) that means the water of Sungai Balok requires 
extensive water treatment for water supply purpose. The recommendations and suggestions for future research 
are the needs of detailed and extensive studies should address this issue to determine the accumulation of heavy 
metal. Next, histological studies may help elucidate the histological effects to metals at high levels in crustaceans. 
Also, the toxicity study on other heavy metals in other crustaceans’ species may be necessary. 
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